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Abstrat
Bolometri Interferometry (BI) is one of the most promising tehniques for preise measure-
ments of the Cosmi Mirowave Bakground polarization. In this paper, we present the results
of DIBO (Démonstrateur d'Interférometrie Bolométrique), a single-baseline demonstrator op-
erating at 90 GHz, built to proof the validity of the BI onept applied to a millimeter-wave
interferometer. This instrument has been haraterized in the laboratory with a detetor at
room temperature and with a 4 K bolometer. This allowed us to measure interferene patterns
in a lean way, both (1) rotating the soure and (2) varying with time the phase shift among
the two interferometer's arms. Detailed modelisation has also been performed and validated
with measurements.
Introdution
Sienti Bakground
The Cosmi Mirowave Bakground (CMB) is a 3K blak body radiation last sattered about
300000 years after the Big Bang. Dediated instruments have observed CMB anisotropies both in
temperature (of the order of 10−5) and in polarization. These utuations ontain preious osmo-
logial information onerning the ontents and the dynamis of our Universe. Nevertheless, most
of the polarized information remains to be disovered. This is espeially the ase for the so alled
B-modes of CMB polarization that are expeted to be at least 3 orders of magnitude lower than
temperature anisotropies [1℄. B-modes ould ontain the nger print of the hypothetial primor-
dial gravitational waves predited by Einstein's General Relativity. This is is a major hallenge in
osmology in whih several researh groups are involved.
Instrumentation for osmology & Bolometri Interferometry
Bolometers, ooled to very low temperatures (<0.3K) are the most sensitive detetors for large
bandwidth detetion in the sub-millimeter and millimeter wavelength range. Their priniple of
operation is to onvert the power arried by the eletromagneti waves into heat through an absorber
and to measure its temperature. The measured signal is diretly proportional to the inoming power.
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Many experienes dediated to CMB measurement are based on bolometri detetion (Cobe-FIRAS,
Boomerang, Maxima, Arheops, Plank HFI, among others
1
). The future ESA Plank mission [3℄
will use spiderweb bolometers whih will operate near the photon noise limit. However, the detetion
of the B modes requires an improvement of up to two orders of magnitude in sensitivity with respet
to the Plank mission. The only solution is therefore to inrease the number of detetors.
The CMB polarization haraterization is nevertheless not only a question of sensitivity. It also
needs an exquisite ontrol of all the instrumental and systemati eets. As an example, for an
imager, any lenses or mirrors used to dene the beam in the sky are soures of spurious polarization
eets that an mask the tiny B-mode signal.
Using an interferometer is an interesting alternative to imager [4℄. It diretly measures the
Fourier transform of the intensity and polarization distribution on the sky. Sine only orrelated
signals are deteted, suh system is intrinsially less sensitive to parasiti eets. Many groups
hoosed this diretion for the measurement of the CMB polarization. Some interferometers used
for that purpose are DASI, CBI and VSA [5℄. These experiments use oherent detetion tehniques
where the signal reeived is amplied before being deteted. The ampliation is intrinsially
noisy leading to less sensitive instruments. Moreover,the orrelation need a narrow bandwidth that
further redue the sensitivity.
In order to reah the bolometri sensitivity together with the systemati leanness of inter-
ferometers, we are developing an instrumental onept based on bolometri interferometry : we
use adding interferometry ombined with bolometri detetion. This instrumental onept will
be applied to a projet alled BRAIN/MBI (B Mode Radiation Interferometer / Millimeter-wave
Bolometri Interferometer) [6℄. This projet is an international ollaboration targeting the dete-
tion and haraterization of the B modes with a ground based experiment in the Conordia base
(Antartia). The nal instrument will work on three frequeny bands (90 GHz, 150 GHz, 220
GHz) with 30% bandwidth for eah band. This is needed to subtrat the foregrounds and reover a
maximum power from the spetrum. The full instrument will be made of 9 modules, eah module
being made of 12× 12 horns. A set of phase shifters in a well dened arhiteture will allow us to
retrieve all the orrelations between the dierent baselines. A rst step in the development of suh
instrument is the proof of onept. For that reason, a simplied instrument DIBO (Démonstrateur
d'interférométrie bolométrique) was built with ommerial quasi-optial omponents.
In the rst setion of this paper, we begin by introduing the instrument and its working
priniple. We then show its properties and some useful tools for the analysis of the results. The
third setion desribes the dierent experimental setups developed for DIBO. In the fourth setion,
the results are shown both for bolometri and power-meter measurements. We nally onlude on
perspetives for a next generation bolometri interferometer.
1
see for example [2℄ for a omprehensive list of experiments
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1 The instrument
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Figure 1: General layout of the instrument design : (1) two orrugated horns, (2) two irular
to retangular transitions, (3) two +/-45° twists, (4 and 6) four bends, (5) two ontrollable phase
shifters, (7) 90° hybrid oupler.
1.1 Instrument desription
The DIBO instrument, as desribed in gure 1, has two horns pointing toward the same diretion.
Afterwards, the inoming eletromagneti wave pass through a irular to retangular (WR10)
waveguide transition. The output of this transition allows the seletion of a single polarization
diretion. The two E-planes outputs are orthogonal. After a ±45° twist, the waves are phase
shifted with ontrollable phase shifters before being ombined by means of a 90° hybrid oupler.
The signal is then deteted in one at the outputs of the oupler.
1.2 Working priniple
The horns are assumed to have the same beam B(~s). They reeive the same signals, exept that one
is out of phase by φpath = 2π ~D·~s/λ ompared to the other, where ~D is the separation between the
two horns (the baseline), ~s the unitary diretion of the inoming radiation and λ the wavelength.
This phase shift is purely geometrial and is due to the dierent optial path to reah eah horn
antennas. At the output of the antennas, a irular to retangular transition selets only one linear
polarization. By rotating the horns perpendiularly one with respet to the other, we selet two
perpendiular linear polarizations E0x and E0y on the sky . If we denote with Ex and Ey the two
orthogonal omponents at the outputs of the horns, we an express them by [7℄:
Ex =

d2~sE0x (~s)B (~s) e
iωt
(1)
3
and
Ey =

d2~sE0y (~s)B (~s) e
i[ωt+φpath(~s)]. (2)
After that, Ex and Ey are twisted to the same diretion in order to be ombined. Before being
ombined, a phase shift ∆α is introdued with a ontrollable phase shifter. To simplify, we will
onsider that the phase shift is introdued in only one of the hannels :
E′x =

d2~sE0x (~s)B (~s) e
iωt
(3)
E′y =

d2~sE0y (~s)B (~s) e
i(ωt+φpath(~s)+∆α)
(4)
Finally, the eletromagneti waves are ombined in the 90° hybrid oupler and the power reeived
on eah of the outputs over the onsidered bandwidth is
P =
1
2Zw

EE∗dν (5)
where Zw is the wave impedane and E the eld resulting from the ombination of E
′
xand E
′
y . After
alulation, the deteted power is given by the following expression:
〈
|E|
2
〉
=
1
2

B2 (~s) [I (~s)± U (~s) sin (φpath +∆α)] d
2~s (6)
=
1
2
[

B2 (~s) I (~s) d2~s±
∣∣V U ∣∣ sin (φU +∆α)
]
(7)
where I and U are the Stokes parameters as dened in [8℄. The visibility V U is the Fourier transform
of the Stokes parameter U on a eld dened by the beam :
V U =

B (~s)
2
U (~s) e−i2π
~D.~s
λ d2~s =
∣∣V U ∣∣ eiφU . (8)
This visibility an be extrated from the measured signal by varying the phase shifts [9℄. Using
an OMT for eah horn and a beam ombiner with eight ports (four inputs and four outputs),
equation (7) an be generalized and the visibilities of eah 4 Stokes parameters are measured. All
the polarized information on the sky is therefore reovered and hene the B-modes provided that
the instrument has enough sensitivity and systemati leanness [4, 10℄.
2 System analysis
An important issue to understand bolometri interferometry is systemati eets extration and
laboratory haraterization. In order to be able to do that, we propose a method that allows to
reover the system parameters by a set of both power and vetorial measurements.
A ruial point is to link in a oherent way the wide bandwidth power measurements and the
monohromati vetorial measurements. Using a VNA, we measure the S parameters, while with
the power meter (or bolometer) we measure diretly the power derived as a funtion of the inoming
EM eld. The integration of the VNA measurements in a bandwidth ∆ν makes it neessary to
4
orretly simulate the behavior of the whole system (alibration of the integration window). For
that purpose we onsider the properties in term of S parameters for eah omponent of the system
and we dedue the theoretial power at the output. Then we show how to onvert the properties
enoded in the S-parameters into a more general formalism that allows to take into aount the
polarization states of the outgoing EM eld.
2.1 Analysis method
There are two kinds of analysis we an use : two ports and four ports analysis. Eah omponent of
the instrument, apart the hybrid oupler, an be studied independently as a two ports devie. With
a VNA, we measure the orresponding [S℄ matrix whih an be related to the [ABCD℄ matrix. The
ABCD formalism is a very useful tool for the quasi-optial instrument analysis sine it allows the
propagation of the signal parameters linearly over the hain [11℄. We use this analysis for all the
two ports omponents along eah hannel of the instrument sine there is no mixing between the
inoming signals. However, this formalism does not take into aount the two polarization states
of the inoming EM eld and their ombination.
From the denition of the S parameters,we an dedue a relation between the inoming eld
Ek,1 and the outgoing eld Ek,2 from a studied devie k (see Appendix):
Ek,2 =

S21e−iβ2 +
(
S11
S12
)
eiβ2
e−iβ1 + S11eiβ1

Ek,1 (9)
where k∈ (x, y).
This equation shows the relation satised by a single element of a Jones like matrix [8℄:[
Ex2
Ey2
]
= [J ]×
[
Ex1
Ey1
]
(10)
where Ex1 and Ex2 are respetively the input and the output elds in the x diretion, Ey1 and Ey2
in the y diretion and J a 2× 2 matrix whih an be written as:
[J ] =
[
Jx ξx
ξy Jy
]
(11)
In equation (11), ξx and ξy allow the superposition of the two polarization states.
For a general four ports devie or system, we will have ξx,y 6= 0. In order to extrat the
parameters of suh a system, let's onsider a devie with the inoming ports (1,2) and the outgoing
ports (3,4). In this ase, ξx,y expresses the transmission from port (1,2) to port (4,3) when Jx,y
represents the transmission from port (1,2) to port (3,4). With two mathed loads at port (2) and
(3), we an nd ξx and using two mathed loads at ports (1) and (4), we an nd ξy. With the
mathed loads at the ports (2) and (4) we an reover Jx and at the ports (1) and (3) we an
reover Jy. This allows us to reonstrut the signal in order to eliminate the systemati eets.
For our instrument, this an be used for both the hybrid oupler and the whole hain. In the
output of the hybrid oupler, the power is expressed by equation (5).
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3 Experimental setups
Looking at equation (7), it is lear that there are two kinds of measurements that an be done in
order to demonstrate the basi operation of bolometri interferometry. The rst one onsists in
varying φpath with ∆α xed, while the other one is varying ∆α with φpath xed. ∆α is varied by
hanging the phase introdued by the phase shifters and φpath is hanged by rotating the soure
with respet to the phase enter of the interferometer. The bolometri measurements have been
done varying φpath and ∆α while the room temperature measurements xed φpath hanging ∆α.
In the following, the two setups are desribed.
(1) (2) (3)
(6) (5) (4)
β
1
Figure 2: Experimental setup for bolometri measurements. (1) ABmm Vetor Network Analyzer
with the soure polarized vertially, (2) The DIBO instrument, (3) Cryostat with the 4K bolometer,
(4) Lok-in Amplier, (5)Chopper, (6) Computer.
Figure 3: The set-up used for the haraterization of the interferometer's response to broad-band
signals. (1) Farran BWO-10 power generator. (2) Demonstrator to be haraterized. (3) HP
W8486A power sensor. (4) HP 438A power meter. (5) EG&G 5209 lokin amplier. (6) Chopper
ontroller. (7) Computer for ontrollable phase variation and data aquisition.
6
3.1 Bolometri setup (4K)
We used an ABmmMVNA
2
as a monohromati soure and a 4 K ooled semiondutor bolometer
3
read by a lok-in amplier as a detetor (gure 2).
In order to hange φpath, we move the instrument with respet to the soure by an angle β as
shown in gure 2. The distane between the two horns of the instrument is set to 20.5 m and the
gaussian beam of the emitting horn has a 1σ width of ∼ 4.2°at 90 GHz.
3.2 Room temperature setup
In this setion the experimental set-up used for power measurements around the nominal entral
frequeny of DIBO (90 GHz) is desribed (gure 3). A frequeny sweeper FARRAN BWO-10 is
used as a soure, operating both in Continuous Wave (CW) mode and in sweep mode. In the
rst ase, a quasi-monohromati signal is produed at a xed frequeny. In the seond ase, a
frequeny sweep aross a hosen bandwidth (87-93 GHz, or 75-110 GHz in our ase) is performed
in 10 ms. The signals, olleted by the two antennas of the interferometer, after phase shifting are
ombined in the hybrid, and then deteted with a power sensor HP W8486A, plaed on one of the
two outputs of the ombiner (the seond one is losed on a mathed load). Then, the analog output
of the power meter HP 438A feeds a single hannel lok-in amplier EG&G 5209. The external
referene of the lok-in is the driving signal oming from the ontrol unit of the hopper, whih
modulates the soure signal at 10 Hz. The basi idea behind this set-up is to replae an artiial
blak body with a fast frequeny sweep aross all the frequeny band. If the sweep is muh faster
than the response time of the power meter (as in our ase, sine the typial time onstant of the
power sensor is τ =35 ms), this system an mimi a broad-band soure. Of ourse the best solution
would be an artiial blak-body, but ommerial power meters operating at room temperature are
not sensitive enough to detet a 300- 500 K signal. This set-up an be useful for the haraterization
of millimeter-waves systems whenever ryogeni front-ends are not available.
We underline that even if the signal of the sweeper is strong enough to be diretly deteted
by the power sensor, we preferred to use a lok-in in order to operate always with a favorable
signal-to-noise ratio, even when the soure's osillator was used at power levels below the 25% of
the peak power available. In fat below this threshold the sweeper's output power vs frequeny
is pratially at. For our purposes, using the instrument's speiations, we an estimate that
P83−97/P75−110 ∼= ∆ν83−97/∆ν75−110 = 0.17: that is, the power delivered in a frequeny range is
essentially proportional to the bandwidth itself.
4 Results
4.1 Charaterization
The S-matrix of every single mirowave omponent has been obtained before assembling the full
instrument. Then, the full interferometri hain, from the twist to the output ports of the hybrid,
has been haraterized in the same way, allowing us to get the transmission funtion of the full
instrument. In suh a system, the devies deserving the most areful haraterization are phase
shifters. In fat, ommerial phase shifters behaves usually in a nearly ideal way when they are
2
http://www.abmillimetre.om/
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operated lose to the enter of the nominal frequeny range, while some unwanted eets start to
appear at other frequenies. In partiular, we notied that, going far from 90 GHz, (1) losses beome
inreasingly important and (2) hanging the phase settings produes an amplitude modulation of
the inoming signal (see gure 4). Of ourse the point here is only to know and orretly reognize
suh eets, and eventually see how they propagate till the output of the system. At 90 GHz, the
nominal enter frequeny, the power transmission oeient is almost at while the nominal phase
setting of the devie varies between 0 and 360 degrees: the values of |S21| in linear sale osillates
between 0.81 and 0.82. At 110 Ghz, the same quantity is modulated between 0.36 and 0.84, while at
80 GHz between 0.77 and 0.87 (the same overall behavior and the same values are found measuring
|S12|, the devie being reiproal).
0 50 100 150 200 250 300 3500.3
0.4
0.5
0.6
0.7
0.8
0.9
1
∆α (°)
|S 2
1|
 
 
90 GHz
80 GHz
110 GHz
Figure 4: Right : |S21|, for one phase shifter, as a funtion of ∆α at 80, 90 and 110 GHz. Left :
|S21| as a funtion of ν and ∆α.
We measured the behavior of the full hain at eah frequeny as a funtion of the phase in-
trodued by the phase shifter with a VNA. We report here the reeived power as a funtion of
the introdued phase shift. This power is normalized with respet to the ideal behavior of the
instrument and represents the monohromati transmission funtion. As we an see in gure 5, the
instrument is designed to work at 90 GHz and its eieny dereases when we swith to another
frequeny in the bandwidth 75-110 GHz. This is due to the fat that the devies are designed to
work only lose to the enter frequeny band. Moreover, we an observe that the amplitude does
not depend only on the frequeny but also on the phase. This eet is mainly due to the phase
shifter.
8
50 10 150 200 250 300 3500
0.05
0.1
0.15
0.2
0.25
 
∆α (°)
 
N
or
m
al
iz
ed
 p
ow
er
80 GHz
90 GHz
110 GHz
Figure 5: Normalized output power as a funtion of the phase shift (phase shifters) for three
frequenies 80, 90, 110 GHz.
4.2 Bolometri measurements
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Figure 6: Measured signal from the bolometer with two horns (solid line) and hiding one of the
horns (dot line).
Figure 6 shows bolometri measurements at 90 GHz by varying the phase shift ∆α introdued
by the phase shifters, β being xed. As expeted from equation (7), we observe a sinusoidal signal
on the bolometer. Hiding one of the two horns, the observed interferene disappears. The observed
amplitude modulation is therefore produed by the interferene and not by an amplitude modulation
due to the phase shifters.
As shown on gure 2, we rotate the soure with respet to the instrument by an angle β. We an
therefore alulate from equation (7) the power at the output of the hybrid oupler as a funtion
of the parameters of the setup:
P (β) = UB2 {1 + sin [2πf sin (β − β0) + θ]} (12)
where f = D
λ
, D being the distane between the horns and β0 an oset angle. θ is a fator that
inludes the phase shift ∆α introdued by the phase shifters and other frequeny dependent eets.
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These eets an be due to the misalignment of the horns, the length dierene of the hannels
and the non ideal behavior of the hybrid oupler and the phase shifters (Figure 4). U is the Stokes
parameter of the soure assumed to be a point soure. In the ase of a gaussian prole of the beam,
we have: B2 (β) = exp
(
−(β−β0)
2
2σ2
)
.
P(
mV
)
25
20
15
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5
0
β(Ο)
151050−5−10−15
80 GHz
P(
mV
)
80
60
40
20
0
β(ο)
151050−5−10−15
90 GHz
Figure 7: Measured signal (diamonds) and tted fringes (solid line) as a funtion of the rotation
angle with respet to the soure at two frequenies (90 GHz and 80 GHz). The dashed line
represents the gaussian envelope.
In gure 7 , we represent the measured power as a funtion of β at 80 GHz and 90 GHz. We
also represent the t of the equation (12) in the same gure. The values of the tted parameters
are showed in the table 1. The expeted fringe frequeny f is 54.7±0.5 for 80GHz and 61.5±0.6 for
90GHz. We an see from table 1 that the expeted values of f and σ (∼ 4.2°at 90 GHz) are lose
to the parameters extrated from the t. The gure 7, therefore, shows the interferene patterns
from the two horns shaped by the beam.
10
ν 80 GHz 90GHz
U (mV) 13.17± 0.179 41.225± 0.199
β0 (°) −0.58± 0.078 −1.18± 0.022
σ (°) 5.01± 0.079 4.019± 0.022
f 54.97± 0.049 62.101± 0.021
θ (°) 305.38± 27.065 106.75± 8.754
Table 1: Fit parameters of the equation 12 with χ2 = 15.78 for 90 GHz and χ2 = 1.99 for 80 GHz.
4.3 Room temperature measurements
As desribed in 3.2, the results showed here have been done with a system that mimis a broadband
soure. Figure 8 and ?? represent the power response of the system in arbitrary units. We an see
then learly interferene patterns.
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Figure 8: (a) Left: measured power with the room temperature benh in 6 GHz bandwidth around
90 GHz. (b) Right: measured power with the room temperature benh in the W band (between 75
GHz and 110 GHz).
4.3.1 Data analysis
Calibration fator
When performing measurements on a given bandwidth ∆ν, the system output is aeted by the
eet of bandwidth smearing. This eet alters the fringes frequeny and ompress their dynami
range, reduing their height. In order to verify the orretness of the power measurements and to
try to disentangle the smearing eet from the systematis imprint, we have developed a strategy
to ompare power measurements with the monohromati VNA ones. As a starting point, having
the DIBO full hain transfer funtion and, starting from equation (5) and (10), we an reonstrut
11
the transmitted power as a funtion of the frequeny and the phase shift
T VNApower,i(ν,∆φ) = (Ji + ξi) (Ji + ξi)
⋆
(13)
where i = x, y.
The link with the power measurements is made doing a very narrow band (CW) measurement at a
frequeny of 90 GHz to be ompared with the transmitted power T VNApower; omparing the orrelated
part of these measurements we have:
P (90GHz,∆φ) = PincT
VNA
power(90GHz,∆φ) (14)
Through this relation we extrat Pinc, the frational power radiated by the sweeper and deteted
by DIBO. This parameter will be used as alibration fator for all the other power measurements.
A transmitted power funtion an then be generated for nite bandwidth by:
Tpower(∆ν,∆φ) =
P (∆ν,∆φ)
Pinc
(15)
Numerially integrating T VNApower in the proper bandwidth range, we derive the expeted power output
starting from VNA data:
T VNApower (∆ν,∆φ) =

∆ν
T V NApower (ν,∆φ) dν (16)
Tpower(∆ν,∆φ) and T
VNA
power (∆ν,∆φ) are normalized with respet to the perfet behavior of the
instrument before being ompared.
Normalization
Realling equation (10), the signal deteted in the power meter sensor is the frequeny integration of
the square modulus of the linear ombination of the inoming elds in the output of the hybrid. In an
ideal ase the transmission funtion has a retangular shape so that the sinusoidal monohromati
response of the system is multiplied by a sinc funtion that depends on the bandwidth to give the
integrated response
P = P0
[
1± sin
(
πδ
c
(ν1 + ν2)
)
sin
(
πδ
c
∆ν
)
πδ
c
∆ν
]
(17)
where δ is the optial path dierene, ν1 and ν2 the frequeny boundaries, c the speed of light and
∆ν the frequeny bandwidth.
In the real ase, we inlude the eet of the real transmission funtion alulated with the full
hain VNA measurements. This transmission funtion is integrated in frequeny with a numerial
routine, to nd the expeted integrated behavior. In order to orretly normalize the results, we
integrated also the ideal ase response and normalized it to the expeted value. This normalization
fator is then applied to the real ase integrated signal. Figures 9 and 10 show the omparison
between the expeted and the measured signal for both a 6 GHz band entered at 90 GHz and the
full WR10 band respetively.
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Complex degree of oherene
As we an see in table 2, there is a disrepany between the expeted and the measured data. To
hek if it is something due to the applied normalization we used, we alulate the modulus of
the omplex degree of oherene for both the simulated and the measured signals, aording to its
denition [12℄:
|γ| =
Imax − Imin
Imax + Imin
(18)
It turns out that the degrees of oherene for the simulated signals is omparable with those of
the measured ones (at least within the error-bars), suggesting that the disrepany is due to the
normalization we introdue.
|γ| Measured Simulated
6 GHz Band 0.96±0.04 0.94
WR10 Band 0.99±0.04 0.98
Table 2: Modulus of the omplex degree of oherene omputed for both the measured and simulated
band integrated responses.
Systemati eets
A diret extration of most of the systematis from the power signal annot be performed sine the
error bars are greater than any of the imprint expeted from them.
Anyway, some of the eets unveiled by the VNA haraterization suh as the amplitude distortion
indued by the phase shifter are not seen beause of the ombined eet of the frequeny integration
of the signal and the low transmission of the instrument. That is, amplitude distortion is observed
far from the entral bandwidth frequeny, where the transmission is very low (< −15 dB) so that
their relative ontribution to the output in the integration is negligible. This is onrmed by the
fat that, in the numerial integration of the VNA (monohromati) data, we do not observe these
distortions. At some extent the frequeny integration of the signal washes out systematis and this
is partiularly true for those aeting the signal far from the entral frequeny. This eet, ating
also as a transmission redution, mimis the shrinking of the eetive bandwidth.
Finally, the normalization tehnique we used to ompare simulated and measured data is based on
the assumption that the alibration fator is the same at eah frequeny. If this is not true the
frequeny dependane of the alibration an introdue a a dierent weighting in the integration,
induing distortions.
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Figure 9: Comparison between the normalized orrelated part of DIBO output signal (solid line)
and the simulated one obtained integrating the VNA measurements (dashed line) for a 6 GHz band
wide stimulus entered at 90 GHz.
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Figure 10: Comparison between the normalized orrelated part of DIBO output signal (solid line)
and the simulated one obtained integrating the VNA measurements (dashed line) for the full WR10
band wide stimulus.
5 Conlusion and future perspetives
With this demonstrator and a 4 K bolometer, the priniple of bolometri interferometry has been
proved with suess in a laboratory environment.
This is the rst attempt to understand how signals (their polarization properties) are altered
propagating along the interferometer branhes and how they interfere over a broad frequeny band.
In suh a way we an study both the propagation of instrumental systematis and the eet of
bandwidth smearing. To do so, we developed an experimental set-up that we used to illuminate the
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interferometer over the WR10 frequeny band, exploiting a fast sweeper able to over the 75-110
GHz band in a fration of the time onstant of the ommerial power meter used as detetor. In this
way, we have been able to hek the very basi properties of the response of the full instrument at 300
K. In the seond plae, we have suggested a way of onneting the output of VNA measurements, the
sattering parameters, rst to the Jones matries, and then to the modulated output power of the
interferometer. The last one is an important point sine it provides a link between the immediate
output of mirowave network analyzers, the S-matrix, and the elements of the Jones matries often
used by osmologists to propagate instrumental systematis into astrophysial observables.
Even more important, illuminating the interferometer with an artiial soure and deteting
the signal with a 4 K bolometer, interferene fringes have been learly measured at two dierent
frequenies (80 and 90 GHz). In this way, we ould reover the expeted fringe frequeny.
In priniple, a DIBO like arhiteture an be extended to a larger number of baselines and
used in ombination with other tehnologies. Indeed, to build a real bolometri interferometer
(BRAIN/MBI), planar superondutor omponents (lters, phase shifters and detetors) will be
onsidered as well as a beam ombiner for the full power ombination. It's worth underlining that
DIBO is not an instrument designed to detet astronomial soures, but rather strong laboratory
signals.
A future step will be the design of a more eient demonstrator, endowed with more sensitive
detetors, able to observe both polarized and unpolarized soures (artiial blak-bodies). Then,
having a more sensitive demonstrator, we an also test the apabilities of our oneptual sheme
in unveiling systematis hidden in the modulated output of the interferometer. In fat, till now,
we have just been able to reover the orret shape of the interferene pattern alulated starting
from the S-parameters of the full system. We remind that, in the present analysis, the behavior of
the optial part of the experimental set-up has been onsidered Power6v1ideal. In the future, also
an ad-ho optial benh for the far eld illumination of the next generation of demonstrators has
to be designed, and a proper alibration strategy has to be foreseen.
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Appendix
A.1 Relation between the eld and the S parameters
We onsider here a two ports devie. The soure generator is onneted to port 1 and a mathed
load to port 2. We then have an inident wave V +1 to the DUT (Devie Under Test). The wave
reeted from the devie bak to port 1 is V −1 . The signal traveling through the DUT and toward
port 2 is V −2 . Any reetion from the load is V
+
2 . We an dene S-parameters in terms of these
voltage waves [11℄:
S11 =
V
−
1
V
+
1
S12 =
V
−
1
V
+
2
S21 =
V −
2
V
+
1
S22 =
V −
2
V
+
2
where S11 represents the input terminal reetion oeient Γ1, S21 forward gain or loss, S12
Reverse gain or loss and S22 Output terminal reetion oeient Γ2. We should underline that
these parameters are normalized. Transient eld, is, by opposition to the tangent eld, the one
propagating inside the waveguide. The tangent eld is set to zero by the boundary onditions of
the Maxwell equation to avoid surfae urrent in the analysis.
We an express the transient E eld in term of voltages:
E1 =
e(x, y)
c
(
V +1 e
−iβ1 + V −1 e
iβ1
)
E2 =
e(x, y)
c
(
V +2 e
−iβ2 + V −2 e
iβ2
)
where e(x, y) is the variation of the amplitude of the eld propagating inside a waveguide setion
and c is a geometrial parameter. These variables are set to onstants beause of the ommon
waveguide shape along the hain (asade of omponents). E1 and E2 are the elds in the input
and in the output of the devie and β1 and β2 are their respetive phases. In order to express E2
with E1, we need to onsider the same base (the same propagation diretion of the wave). Let's set
the propagation from port 1 to 2 as positive and from 2 to 1 as negative. This gives
E2 =
e(x, y)
c
(
V +2 e
iβ′2 + V −2 e
−iβ′2
)
with β′2 = −β2
Finally, expressing E2 as a funtion of E1, we obtain
E2 =

S21e−iβ2 +
(
S11
S12
)
eiβ2
e−iβ1 + S11eiβ1

× E1
This relation is useful to make the link between the VNA measured S parameters and the propa-
gating eld for a two ports devie. Also, it an be used to translate a 4 ports or double polarization
propagation from an S matrix formalism into a Jones matrix formalism.
A.2 Relation between the S parameters and the ABCD parameters
The ABCD formalism allows to propagate the signal over a hain of two ports devies. The relation
between the S parameters and ABCD parameter is given in [11℄.
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